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Abstract. The pituitary is an important endocrine tissue of the vertebrate that produces and secretes many hormones. 
Accumulating data suggest that several types of cells compose the pituitary, and there is growing interest in elucidating the 
origin of these cell types and their roles in pituitary organogenesis. Therein, the histogenous cell line is an extremely valuable 
experimental tool for investigating the function of derived tissue. In this study, we compared gene expression profiles by 
microarray analysis and real-time PCR for murine pituitary tumor-derived non-hormone-producing cell lines TtT/GF, Tpit/Fl 
and Tpit/E. Several genes are characteristically expressed in each cell line: Abcg2, Nestin, Prrxl, Prrx2, CD34, Eng, Cspg4 
(Ng2), S100P and nNos in TtT/GF; Cxcll2, Raldhl, Msxl and Twist 1 in Tpit/Fl; and Cxadr, Sox9, Cdhl, EpCAM and Krt8 
in Tpit/E. Ultimately, we came to the following conclusions: TtT/GF cells show the most differentiated state, and may have 
some properties of the pituitary vascular endothelial cell and/or pericyte. Tpit/Fl cells show the epithelial and mesenchymal 
phenotypes with sternness still in a transiting state. Tpit/E cells have a phenotype of epithelial cells and are the most immature 
cells in the progression of differentiation or in the initial endothelial-mesenchymal transition (EMT). Thus, these three cell 
lines must be useful model cell lines for investigating pituitary stem/progenitor cells as well as organogenesis. 
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The anterior pituitary (adenohypophysis) is composed of the 
anterior, intermediate and tuberal lobes and develops from the oral 
ectoderm by invagination at the early stage of the embryo. During 
embryonic organogenesis, five types of hormone-producing cells 
are differentiated to perform essential roles in growth, metabolism, 
reproduction, lactation, homeostasis and stress response, among 
others. Many studies hitherto have demonstrated that a number of 
transcription factors spatiotemporally appear during progression of 
cell differentiation to produce each hormone-producing cell [1-6]. 
Stem/progenitor cells definitely differentiate into hormone-producing 
cells as well as non-endocrine cells and renew themselves as a cell 
resource ([7] and references therein), but the differentiation mechanism 
remains to be elucidated. Although recent experiments to form a 
sphere from the pituitary dispersed cells (pituisphere) have been 
informative, the heterogeneous population of sphere cells makes it 
virtually impossible to elucidate the mechanism of differentiation. 
Established cell lines are frequently used as model systems not 
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only for cellular physiology and gene expression but also for cell 
differentiation, providing us with profitable information. The Tpit/F 1 
cell line was established from the pituitary gland of a temperature- 
sensitive T antigen transgenic mouse, and it has the characteristics 
of pituitary SlOO-positive cells [8]. Mogi et al. showed that Tpit/ 
Fl has the ability to differentiate into skeletal muscle cells [9]. On 
the other hand, TtT/GF was established from a murine thyrotropic 
pituitary tumor [10], and it has more recently been found to express 
several stem cell markers [11]. Intriguingly, Tpit/Fl and TtT/GF cells 
are assumed to be model cells of folliculo-stellate-cells (FS cells), 
which are candidates for adult pituitary stem/progenitor cells [12, 
13]. The remaining non-hormone-producing cell line, Tpit/E cells, 
is a cell line established in the same experiment as the Tpit/Fl cell 
line [8], but little is known about its properties. Hence, they might 
have potential as a pituitary cell resource, but they do not show the 
same cellular properties [8, 10, 14, 15]. However, further information 
is required to understand these two cell lines. 

In this study, we compared gene expression profiles by microarray 
analysis and real-time PCR for non-hormone-producing cell lines. 
Ultimately, the following interpretations were reached: TtT/GF cells 
are in a mostly but not terminally differentiated state, showing a 
potency to differentiate into pituitary vascular endothelial cells and/or 
pericytes. Tpit/F 1 show epithelial and mesenchymal phenotypes with 
sternness still in a transitional state of differentiation, as shown by 
their expression of Vimentin and Sox2. Tpit/E cells have a phenotype 
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Table 1. List of primer sequences for quantitative real-time PCR 



Gene 




Forward primer 




Reverse primer 


Sox2 


5' 


-CCGTTTTCGTGGTCTTGTTT-3 ' 


5'- 


■TCAACCTGCATGGACATTTT-3 ' 


Sox9 


5' 


■ACAAGAAAGACCACCCCGATT-3 ' 


5'- 


■GATGTGAGTCTGTTCGGTGGC-3 ' 


Seal 


5' 


■CCCCTACCCTGATGGAGTCT-3 ' 


5'- 


■GGCAGATGGGTAAGCAAAGA-3 ' 


Cxadr 


5*' 


■CCTCTTCTGCTGTCACAGGAA-3 ' 


5' 


-AGGAACCGCTCCCATTCG-3 ' 


PropJ 


5*' 


■CCTTTGGGAGGAACC AGTATC-3 ' 


5'- 


■GCTCTTGCTTCCGTTGCTTA-3 ' 


Prrxl 


5' 


■TTACCCGGATGCTTTTGTTC-3 ' 


5" 


-ACTTGGCTCTTCGGTTCTGA-3 ' 


Prrxl 


5*' 


■AGTGAGGCACGTGTCCAAGTC-3 ' 


5" 


■GTGGCCAGCATGGCACGTT-3 ' 


rllXL 


c ■ 


riA ATfriTPrr. a rr,rTr. at v 

-lj/\/\l LU 1 LLUALUL 1 UAI-J 


J ■ 


LULLuL Ivjl 1 Jt 1 Iv^l Jtl-J 


Lhfi 


5' 


■CGGCCTGTCAACGCAACT-3 ' 


5'- 


-GGCAGTACTCGGACCATGCT-3 ' 


Sfl 


5' 


-GGCCGACCAGACCTTTATCT-3 ' 


5'- 


■CAGCTCGCTCCAACAGTTCT-3 ' 


E-cadherin 


5' 


■CCTGCCAATCCTGATGAAAT-3 ' 


5'- 


■CGAACACCAACAGAGAGTCG-3 ' 


Vimentin 


5' 


■TGGTTGACACCCACTCAAAA-3 ' 


5'- 


■GGTCATCGTGATGCTGAGAA-3 ' 


Snail2 


5' 


■TGGCTGCTTCAAGGACACATTAG-3 ' 


5'- 


■CCCTCAGGTTTGATCTGTCTGC-3 ' 


si oop 


5'. 


ACGAGCTCTCTCACTTCCTGGA-3 ' 


5'- 


AGTCACACTCCCCATCCCC-3 ' 


T-antigen 


5' 


AGAATGGATGGCTGGAGTTGC-3 ' 


5'- 


■TTTCTCGAGTTATGTTTCAGGTTCAGGGGG-3' 


Tbp 


5'. 


■GATCAAACCCAGAATTGTTCTCC-3 ' 


5'- 


■ATGTGGTCTTCCTGAATCCC-3 ' 



of epithelial cells, and they are the most immature cells with abundant 
expression of the stem cell marker Sox2; they are probably in the 
process of differentiating or in the initial endothelial-mesenchymal 
transition (EMT) expressing Sox9 and SnaiU (Slug). Thus, these 
three cell lines will surely be useful model cells for investigating 
pituitary stem/progenitor cells as well as organogenesis. 

Materials and Methods 

Cell culture, cell counting and total RNA preparation 

Tpit/E, TpitFl and TtT/GF cell lines were kindly provided to us 
by Professor K Inoue (Saitama University). Culture of the cell lines 
was carried out in a humidified atmosphere of 5% C0 2 and 95% air. 
Tpit/E and Tpit/F 1 were maintained in a mixed medium comprised of 
Dulbecco's Modified Eagle Medium (DMEM) (Invitrogen, Carlsbad, 
CA, USA) and Ham's F- 1 2 ( 1 : 1 ; Invitrogen) supplemented with 1 0% 
horse serum and 2.5% fetal bovine serum (FBS) at 33 C. TtT/GF 
cells were maintained in DMEM supplemented with 10% FBS at 37 
C. Growth curves of Tpit/E, Tpit/F 1 and TtT/GF were described by 
counting the cells seeded and cultured on 24-well plates (Coming, 
NY, USA) at 75,000, 37,500 and 12,500 cells per well, respectively. 
Total RNAs were prepared from each cell line using ISOGEN 
(Nippon Gene, Tokyo, Japan). 

Microarray analysis 

Microarrays were performed using Mouse Genome 430 2.0 
GeneChips (Affymetrix Japan, Tokyo, Japan) for total RNA samples 
from TtT/GF, Tpit/F 1 and Tpit/E. Data of microarrays were normalized 
by median normalization. 

Quantitative real-time PCR 

Reverse transcripts were synthesized with PrimeScript Reverse 
Transcriptase (Takara Bio, Kyoto, Japan) using 1 ug of total RNA after 
DNase I treatment and were subjected to quantitative real-time PCR 
on an ABI Prism 7500 Real-Time PCR System (Applied Biosystems, 



Foster City, C A, USA) with SYBR Green Realtime PCR Master Mix 
Plus (Toyobo, Osaka, Japan) and specific primer sets (Table 1) at 0.6 
uM for each target gene. Each sample was measured in duplicate 
in two independent experiments, and data were calculated by the 
comparative C x method (DDC T method) to estimate the gene copy 
number relative to TATA box binding protein (Tbp) as an internal 
standard. The DNA sequence of the PCR product of each sample 
was confirmed by nucleotide sequencing (data not shown). 

Immunocytochemistry 

Cells were fixed with 4% paraformaldehyde in 20 mM HEPES, 
pH 7.5, for SOX2 staining or with 95% ethyl alcohol for E-cadherin 
staining for 30 min at room temperature, followed by a wash with 20 
mM HEPES- 1 00 mM NaCl and by incubation with 20 mM HEPES, 
pH 7.5, containing 10% (v/v) fetal bovine serum, 100 mM NaCl 
and 0.4% (v/v) Triton X100 (blocking buffer) for 60 min at room 
temperature. Reaction with primary antibodies was performed at 
an appropriate dilution with blocking buffer overnight at 4 C. The 
primary antibodies used were goat IgG against human SOX2 ( 1 :500 
dilution; Neuromics, Edina, MN, USA), mouse IgG against human 
E-cadherin (1:200 dilution; BD Biosciences, San Jose, CA, USA) 
and guinea pig antiserum against ovine LH/? (1:8,000 dilution), 
which was kindly provided by the National Institute of Diabetes 
and Digestive and Kidney Diseases (NIDDK) through the courtesy 
of Dr. AF Parlow. After washing, cells were reacted with secondary 
antibodies using Cy3-conjugated AffiniPure donkey anti-goat and 
mouse IgG ( 1 :500 dilution; Jackson ImmunoResearch, West Grove, 
PA, USA). Cells were washed and then incubated in VECTASHIELD 
Mounting Medium (Vector Laboratories, Burlingame, CA, USA) 
with DAPI (4,6'-diamidino-2-phenylindole, dihydrochloride). 
Immunofluorescence was observed under fluorescence microscopy 
with a DM16000 B inverted microscope (Leica, Wetzlar, Germany). 
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Results 

Cell appearance and growth of TtT/GF, TpitFl and Tpit/E cells 
To characterize the three non-hormone-producing pituitary cell 
lines, we first observed the cell appearance and proliferative activity. 
TtT/GF cells showed a thin, flat star-like appearance with long 
multipolar cytoplasmic processes like a capillary (Fig. 1A), as 
reported previously [10]. Tpit/Fl cells showed a star-like appear- 
ance [8] as with TtT/GF cells, but they had shorter cytoplasmic 
processes, and more of them, than TtT/GF cells (Fig. IB). These 
common characteristics of the many spreading multipolar processes 
of TtT/GF and Tpit/Fl cells show their mesenchymal phenotype. 
The remaining non-hormone-producing cell line, Tpit/E cells, is a 
cell line established in the same experiment as the Tpit/F 1 cell line 
from an anterior pituitary gland of a temperature-sensitive large T 
antigen (T-antigen) transgenic mouse [8], but it has not been well 
characterized so far. The appearance of Tpit/E cells is clearly different 
from those of TtT/GF and Tpit/Fl cells (Fig. 1C). Tpit/E cells are 
polygonal in shape, are very densely packed together and grow like 
blocks in a wall, showing epithelial phenotypes dissimilar to Tpit/ 
Fl and TtT/GF cells. 

When cell growth was measured for five or seven days, Tpit/ 
Fl cells showed slower growth profiles than those of TtT/GF and 
Tpit/E cells (Fig. 1). The doubling times of the TtT/GF, Tpit/Fl 
and Tpit/E cells were different from each other, about 14.4, 31.6 
and 28.6 h, respectively, showing the unique origins of the three 
non-hormone-producing cell lines. 

Expression profile of genes in Tpit/E, Tpit/Fl and TtT/GF cells 
To characterize Tpit/E, Tpit/Fl and TtT/GF cells, we performed 
microarray analyses. After normalizing the signals by median 
normalization, comparison of the characteristically expressing 
genes was performed among the three cell lines in the following 
categories: stem/progenitor cell, transcription factor participating 
in early pituitary development, committed and/or terminally dif- 
ferentiated pituitary cells, epithelial/mesenchymal cells including the 
epithelial-mesenchymal transition (EMT), angiogenesis/endothelial 
cells/pericytes and others (Table 2). 

The comparison of microarray data made it possible to distinguish 
among the expressions of several genes in a particular cell line, as 
shown in Table 2. Subsequently, real-time PCR was examined to 
confirm the expression of some distinctive genes, in addition to genes 
of interest in our recent studies on pituitary organogenesis, such 
as Sox2, Seal, Propl, Prrxl, Prrx2 and Snail2 (asterisks in Table 
2). In Fig. 2, data from quantitative real-time PCR are presented 
as amounts relative to those of TATA-box binding protein (Tbp). 
Microarray and real-time PCR are based on different detection 
principles, hybridization and amplification, which depend on the Tm 
value and compatibility of the primer pair, respectively. The values 
are not necessarily the same, but most of the genes examined showed 
roughly similar expression profiles to those examined by microarray 
(Fig. 2 and Table 2), while real-time PCR showed small differences 
in values for Prrx2, Pitxl, Vimentin and Snail! in comparison with 
those obtained by microarray. 
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24 48 72 96 120 144 168 
hours 




24 48 72 96 120 144 168 
hours 




24 48 72 96 120 144 168 
hours 

Fig. 1. Cell appearance and growth curves for TtT/GF, Tpit/F 1 and Tpit/E 
cells. Morphology by light microscopy (left panels) and growth 
curves (right panels) for TtT/GF (A), Tpit/Fl (B) and Tpit/E cells 
(C) are indicated. Cell numbers of each line were counted during 
the period of 24 to 120 h or that of 24 to 168 h, and the doubling 
times of TtT/GF, Tpit/F 1 and Tpit/E were calculated with the cell 
numbers for 48 to 72 h, 1 20 to 1 44 h and 1 20 to 1 44 h, respectively. 
The data are presented as the mean ± SD of duplicate counts in 
two independent experiments. Scale bar= 20 um. 
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Table 2. List of expressing genes characteristic of the Tpit/E, Tpit/Fl and TtT/GF cells 



Gene title 


Gene symbol 


Ratio 


per each median 


Accession number 


Tpit/E 


Tpit/F 1 


ltl/Gr 


— — ; — ■ — - 

Stem/progenitor cells 












ATP-bindmg cassette sub-family G (WHITE) member 2 


Abcg2 (Bcrp 1) 


o 


0 


17 


NM 011920 


Coxsackie virus and adenovirus receptor 


Cxadr ( Car) 


20 


1 


1 


NM 001025192 


Chemokine (C-X-C motif) ligand 12 


Cxcin 


o 


344 


7 


NM 001012477 


Chemokine (C-X-C motif) receptor 4 




() 




0 


NM 0099113 


Glial cell line derived neurotrophic factor family receptor alpha 2 


GFRal 


1 




0 


NM 008115 


Kruppel-like factor 4 (gut) 


Klf4 


2024 


973 


155 


NM 010637 


INdllUli HUlllCLfUUA 


A' ( 1 1 1 <. tg 


o 


\ 


0 


NM 028016 


1 N CM 11 1 


■'V'('s7 in 


2 




49 


NM 016701 


^ Paired like liomeodomain factor 1 


Prop 1 


1 


1 


1 


NM 008936 


^ Paired lelated homeobox 1 


Prrxl 


o 


1 


16 


NM 001075570 


^ Paired lelated homeobox 2 




o 


1 0 


40 


NM 009116 

IN 1V1 UU7 1 1 \J 


A.ldehyde dehydrogenase family 1 subfamily A.1 


Raldh 1 


21 


199 


18 


NM 013467 


A.ldeliyde dehydiogenase family 1, subfamily A.2 


Rnldh ? 

t\tt Hi 1 1 — 


o 


0 


0 


NM 00907? 

IN 1V1 UUyUZZ 


^ Lymphocyte antigen 6 complex, locus A. 


Seal 


622 


92 


263 


NM 010738 

1 N 1V1 U1U / JO 


* SRY-box containing gene 2 


Sox 2 


6 1 


12 


7 


NM 01144"} 
in ivi ui 1 J 


* SRY-box containing gene 9 


Sox9 


1 55 


16 


2 


NM 011448 
In IVI Ul 1 *t*t O 


Transcription factors part i cipa I 'i ng in cui'lv pituitary development 












Homeobox gene expressed in ES cells 


Hesxl 


o 


0 


0 


NM 010420 


1SL1 ti anscription factor, l_TJ\4/homeodomain 


Isll 




25 


I 7 


NM 071459 
in ivi 1 *t^j y 


LIN'l homeobox piotem 3 


Lhx3 


(j 


0 


1 


NM 001039653 

IN IVI UU1UJ7UJJ 


L1M homeobox protein 4 


Lhx4 




1 


0 


in ivi uiu / 1 z 


Homeobox, msh-like 1 




2 


21 


3 


in ivi uiuoJJ 


Orthodentic le homolog 2 (Drosophila) 


Otx2 


(j 


0 


0 


NM 144S41 

1N1V1 1 tHot 1 


Paired box gene 6 


Pa.x6 


(j 


0 


2 


NM 013677 

IN IVI ulJ UZ / 


* Paired-like homeodomam tianscription factor 1 


Pit x 1 


1878 


7X5 


8 


NM 011097 

IN IVI U 1 1W7 / 


Paned~hke homeodomam tianscription factor 2 


Pit x2 


89 


150 


9 


NM 00104750? 

IN IVI V/Ul U^tZJuZ 


Sine ocuhs-i elated homeobox 1 


Sixl 


?6 


1 33 


7 


NM 00Q189 
iNivi \j\jy 107 


Sine ocuhs-related homeobox 6 


Six6 


0 


0 


0 


NM 011384 


Co in m it led and/ oi tei mincdl\ d d icf enticit cd pit uiiary cells 












Pro-opiomelanocortin-alpha 


Ac/li 


0 


0 


2 


NM 001278581 


Follicle stimulating hormone beta 


Fshfi 


0 


0 


0 


NM 008045 


GATA binding protein 2 


Gn1a? 

\JtltU — 


0 


1 9 


2 


NM 008090 

IN IVI WUOU7W 


Growth hormone 


Gh 


0 


0 


1 


NM 008117 


* Luteinizing hormone beta 


LhB 


1 0 


6 


0 


NM 008497 


Cadherin 2 


1^1— c a dlieri n 


0 


6 


49 


NM 007664 


Neurogenic differentiation 1 


1^1 euro D I 


0 


0 


1 


NM 010894 


POl_J domain class 1 transcription factor 1 


Pit I 


0 


0 


1 


NM 008849 


Prolactin 


Prl 


0 


0 


0 


NM 001163530 


* Nuclear receptor subfamily 5, group A., member 1 




7 


5 


0 


NM 139051 

IN IVI 1 J 7VJ 1 


T-box 19 


Tbxl9 


0 


0 


1 


NM 037005 

IN IVI UJZuUJ 


Thyroid stimulating hormone, beta subumt 


UshB 


0 


0 


1 


NM 0(11 16^0^0 


FpitHelial/A4cscnchvmctl cells including* EAdT 












* C^ 1 c\ H H f»ri n 1 
\_.tadllCl 111 1 


K^att i yLL-ctiitiiei in ) 


29 1 


1 


0 


NM 009864 

In IVI Uu^oU^ 


Epithelial cell adhesion molecule 


FnCAM 


193 


0 


5 


NM 008539 

IN IVI UUO JJL 


IvClallll O 


Krt8 


538 


1 


2 


NM 031170 

1N1V1 \JJ 1 1 / U 


Matrix metallopeptidase 14 (membiane-mserted) 


\ t in 1 1 / A 
IVitttp I *T 


432 


1056 


75 


NM 008608 

IN IVI Ul/OuUO 


Snail homolog 1 (Drosophila) 




0 


0 


1 


NM 011427 


* Snail homolog 2 (Drosophila) 


SnaiU (Slug) 


545 


548 


82 


NM 011415 


Transforming growth factor, beta receptor 11 


Tafhr? 
1 gJOl z 


509 


1135 


47 


NM 009371 

INIVI \J\Jy 3 1 1 


Twist basic hehx-loop-helix transcription factor 1 


T Twist2 




23 


8 


NM 011658 

1 N 1 VI \J 1 1UJO 


Twist basic hehx-loop-helix transcription factor 2 




0 


25 


12 


NM 007855 

IN IVI Uv / OJ J 


* Vimentin 


Vimentin 


5 


1658 


7 1 3 


NM 011701 


A.ngiogenesis/Endothel ictl cells/Pevicyte 












CD 3 4 ant i yen 


CD 3 4 


0 


3 


1 12 


NM 133654 


Actin, alpha 2, smooth muscle, aorta 




1399 


6362 


467 


IN IVI 


Endoglm 


Eng 


1 


4 


1 3 




Eibronectin 1 


Fn 1 


60 


? >s 


>6 


NM 010233 


Endothelial-specific receptor tyrosine kinase 


Teh 


0 


0 




NM 013690 


Kinase insert domain protein receptor 


Kdr (Flkl) 


0 


2 


1 


NM010612 


Cadherin 5 (VE-Cadherin) 


Cdh5 


0 


1 


1 


NM 009868 


Platelet/endothelial cell adhesion molecule 1 


Pecaml 


0 


0 


0 


NM 00 1032378 


Desmin 


Des 


0 


1 


3 


NMO 10043 


Chondroitin sulfate proteoglycan 4 


Cspg4{Ng2) 


0 


1 


19 


NM_139001 


Platelet derived growth factor receptor, beta polypeptide 


Pdgfrb 


0 


343 


96 


NM 008809 


Regulator of G-protein signaling 5 


Rgs5 


0 


0 


1 


NM 009063 


Others 












Interleukin 6 


IL6 


0 


2 


0 


NMJB1168 


* SI 00 protein, beta polypeptide, neural 


SI 00/3 


1 


2 


18 


NM 009115 


nitric oxide synthase 1 , neuronal 


nNos 


0 


4 


12 


NM 008712 



The signal value was normalized by median normalization. Asterisks (*) indicate genes analyzed by quantitative real-time PCR. 



CHARACTERIZATION OF PITUITARY-DERIVED CELL LINES 



299 



(A) 



1.8 



1.2 



0.6 



Sox2 



g$ & 



(B) 



0.18 



0.12 



0.06 



Sox9 



(Q 



100 



75 



50 
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°//>V 
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1 





(D) 

8.0 

6.0 
4,0 
2.0 
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i 



(E) 



0.06 



0.04 



0.02 



Propl 



(F) 



« 0.45 
> 

d 
o 

w 0.30 

<D 0.15 
> 



c 













■ 



(G) 

6.0 
4.0 

2.0 



(H) 

0.3 



0.2 



0.1 



■£> <v wS 1 
^ «> 4^ 



I 



(i) 

90 



30 



0,28 



0.14 



^^^^ «jt 



(K) 



9.0 



6.0 



3.0 



E-cadherin 



(L) (M) (N) 

Vimentin _ Snail2 SI 00 8 

9.01 



160 



120 



80 



40 



4,5 



3,0 



1,5 



4> <jf x<f *5 & *3 ^ ^ 



6.0 



3.0 



4* JS* 



Fig. 2. Real-time PCR of genes of interest expressing in Tpit/E, TpitF 1 and TtT/GF cells. Quantitative real-time PCR was performed 
to estimate the mRNA level of the following genes: Sox2 (A), Sox9 (B), Seal (C), Cxadr (D), Propl (E), Prrxl (F), Prrxl 
(G), Pitxl (H), Lhfi (I), 5/7 (J), E-cadherin (K), Vimentin (L), 5«a//2 (M) and 5/00/? (N). Data were calculated by the 
comparative CT method to estimate the relative copy number contrasted to that of the TATA box binding protein gene (Tbp) 
used as an internal standard. The data are presented as the ± SD of duplicate PCRs in two independent experiments. 



Sternness of Tpit/E, TpitFl and TtT/GF cells 

Hitherto, the differentiation potency of Tpit/Fl cells [9] and 
expression of stem/progenitor markers in TtT/GF cells [11] have 
been reported. To determine the sternness of the cell lines, we first 
verified the expression of a stem/progenitor marker, Sox2. As shown 
in Fig. 2A and Table 2, all three cell lines expressed Sox2, with 
the order from highest to lowest being Tpit/E, Tpit/Fl and TtT/GF 



cells. Immunocytochemistry demonstrated that SOX2 signals were 
strongly detected in Tpit/E cells (Fig. 3 A). Notably, very weak positive 
cells were scattered in the other two lines (Fig. 3A), indicating that 
these cell lines are heterogeneous. Sox9 is known to play a role in 
progenitor cells in a committed and/or progressing state [16, 17]. 
Sox9 expression was observed abundantly in Tpit/E cells, while the 
other two lines had very low amounts (Fig. 2B). We subsequently 
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Fig. 3. Immunocytochemistry for SOX2 and E-cadherin in Tpit/E, Tpit/Fl and TtT/GF cells. Immunostaining (red) for SOX2 (A) 
and E-cadherin (B) was performed and merged with an image of nuclear staining with DAPI (blue) (each right panel). Scale 
bar= 20 urn. 



verified the expression of Seal (stem cell antigen l),which is known 
to be associated with activity in stem and progenitor cells [ 1 8] and is 
present in the endothelial phenotype subset (Sea l hlgh -SP cells) of the 
side population (SP) [19]. As shown in Fig. 2C, Seal was expressed 
in all three cell lines, with especially high levels in Tpit/E (at about 
80-fold/7%p) and TtT/GF (at about 65-MdJTbp), respectively, and 
with a higher level in Tpit/Fl cells (about 10-fold/7Z>/>) than in the 
pituitary (about 2-fo\&JTbp). 

More recently, CAR (coxsackievirus and adenovirus receptor 
encoding by Cxadr) was found in SOX2/E-cadherin double-positive 
pituitary stem/progenitor cells forming a niche [20], As shown in 
Fig. 2D, Cxadr was expressed in Tpit/E cells but not in Tpit/F 1 and 
TtT/GF cells. 

Our recent studies revealed that Propl, Prrxl and Prrx2 play 
crucial roles in pituitary stem/progenitor cells [20-25]. Although 
the pituitary-specific transcription factor Propl was not expressed 
in any cell lines (Fig. 2E), the mesenchymal markers Prrxl and 
Prrx2 were expressed mainly in TtT/GF, with a small amount in 
Tpit/Fl cells as shown in Figs. 2F and G, respectively. In addition, 
microarray analysis showed that expression of Cxcll2 and Raldhl 
in Tpit/F 1 cells and Nestin in TtT/GF cells was prominent (Table 2). 



Early pituitary transcription factors of Tpit/E, TpitFl and TtTI 
GF cells 

Among the early pituitary transcription factors, we performed real- 
time PCR for Pitxl, which functions as a pan-pituitary transcription 
factor [26] and as a crucial factor for development of the brain, face 
and hind limb [27]. The highest expression of Pitxl was observed in 
Tpit/E cells, and the amount was similar to that in the pituitary (Fig. 
2H). Although the microarray data showed a very high median value 
for Pitxl, at 1878 and 785 in Tpit/E and Tpit/Fl cells, respectively, 
the value from the real-time PCR was very low, at about 0.2-fold/ Tbp, 
reflecting the difference between the two methods. Pitx2, a cognate 
of Pitxl, also showed a high value in Tpit/E and Tpit/Fl cells (Table 
2). MSX1 and SIX1 play roles in the cranial placode and contribute 
to development of the pituitary gland [28]. Microarray data showed 
that Msxl and Sixl were expressed at a relatively higher level in 
Tpit/Fl than in the other two cell lines (Table 2). 

Differentiation markers of Tpit/E, TpitFl and TtT/GF cells 

N-cadherin, a marker of differentiated cells in the pituitary [29], 
is known to play a role in cell migration essential for embryonic 
development and the epithelial-mesenchymal transition (EMT) [30]. 
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As shown in Table 2, N-cadherin is expressed in TtT/GF cells, and 
although a low amount of Lhfi and Sfl expression was observed 
by microarray analysis (Table 2), we confirmed that they were 
not found in any of the three lines by real-time PCR (Fig. 21 and 
J). Immunocytochemistry for LH(3 in the three cell lines was also 
negative (data not shown). 

Epithelial/mesenchymal cell and EMT markers of Tpit/E, 
TpitFl and TtT/GF cells 

Markers of this category showed unique expressions in the three 
cell lines. Tpit/E cells are specifically expressed cell adhesion proteins, 
E-cadherin and EpCAM, and intermediate filament Krt8 (Fig. 2K, 
Table 2 and Fig. 3B). They are known as epithelial cell markers, and 
E-cadherin and Krt8 are expressed in pituitary stem/progenitor cells 
[30-33]. On the other hand, Vimentin, a marker of mesenchymal cells 
and EMT [34], was dominantly detected in both Tpit/Fl and TtT/ 
GF cells (Fig. 2L). Notably, Mmpl4 (membrane-bound protease), 
SnaU2 (same as Slug, repressor for E-cadherin expression and an 
inducer of EMT) and Tgfbr2 (TGF[3 receptor 2), which are known 
to be involved in transition and migration of cells during the EMT 
[35-37], were expressed in the three cell lines, although their 
quantities differed (Fig. 2M and Table 2). 

Angiogenesis/endothelial/pericyte cell markers and other genes 
of Tpit/E, TpitFl and TtT/GF cells 

CD34, Acta2 and Fnl are known to be characteristic in vascular/ 
endothelial cells. CD34 was remarkably expressed in TtT/GF, while 
Acta2 andFnl were expressed in all three cell lines (Table 2). Cspg4 
(Ng2), which is a pericyte marker, was expressed in TtT/GF cells 
but not in Tpit/E and Tpit/F 1 cells. Another pericyte marker, Pdgfrb, 
was expressed in TtT/GF and Tpit/Fl cells. 5i00/?-expressing cells 
are known to be composed of heterogeneous subpopulations in 
view of their morphologies and components and to show versatile 
biological roles [12, 13]. Real-time PCR revealed that SWOP was 
predominantly expressed in TtT/GF cells, the unique characteristics 
of which have been reported previously (Fig. 2N) [11]. 

Expression ofT-antigen in Tpit/E, TpitFl and TtT/GF cell 
lines 

Tpit/E and Tpit/Fl cell lines were established from an anterior 
pituitary gland of a temperature-sensitive large T-antigen transgenic 
mouse [8]. We examined the expression levels of T-antigen by real-time 
PCR and demonstrated that this gene is expressed in Tpit/Fl cells 
but not in Tpit/E cells, suggesting the possibility of a self-renewal 
ability independent of T-antigen (Fig. 4). 

Discussion 

This study analyzed the profile of gene expression in three dissimilar 
murine pituitary-derived non-endocrine cell lines as well as their 
phenotypes. By comparing gene expression profiles and overviews 
among the three cell lines, we summarized the characteristic genes of 
each cell line, as shown in Table 3. From the results, we considered 
the properties of these three cell lines to be as follows. 

TtT/GF cells distinctively express Vimentin, Prrxl, Prrx2, Nestin 
and CD34 and N-cadherin but not E-cadherin, in addition to a low 
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Fig. 4. Real-time PCR of T-antigen in Tpit/E, TpitF 1 and TtT/GF cells. 

Quantitative real-time PCR was performed to estimate the 
mRNA level of T-antigen in Tpit/E, TpitFl and TtT/GF cells. 
Data were calculated as in Fig. 2. 



level of expression of Sox2. Taking the gene expression profiles 
together with the cell morphology, TtT/GF cells have a mesenchymal 
phenotype and are in the most differentiated state, but not terminally 
differentiated, among the three cell lines. Recently, we demonstrated 
that the pituitary contains two types of PRRX1- and PRRX2 -positive 
cells that originate from the pituitary of the ectoderm and from the 
mesenchyme of the surrounding extrapituitary cells [25]. In addition, 
NESTIN-positive cells were observed as mesenchymal cells invading 
from surrounding extrapituitary cells during the embryonic period 
(unpublished data) and dividing progenitor/commitment cells [38]. 
TtT/GF, as well as Tpit/E and Tpit/Fl, expresses Seal, which is 
expressed in the endothelial phenotype subset (Scal lllgh -SP cells). 
Taken together with the expression of CD34, Cspg4 (Ng2) and other 
genes described below, TtT/GF cells likely have a non-pituitary origin 
and may have some properties of pituitary vascular endothelial cells 
and/or pericytes rather than model cells of FS cells, as described 
previously [11]. 

Tpit/E cells, which express E-cadherin, EpCAM and Krt8, show a 
phenotype close to that of epithelial cells. Considering the expression 
of Snail2 (Slug), Tpit/E is still in the process of differentiation or 
initial EMT. Tpit/E cells also express Sox2 and Sox9 at high levels, 
indicating that this cell line has the most sternness among the 
three cell lines. T-antigen-independent proliferation of Tpit/E may 
indicate that Tpit/E cells have an ability to self-renew and may be a 
non-tumorous pituitary stem/progenitor cell line. Furthermore, this 
cell line expresses Cxadr (CAR), which is present in the SOX2/E- 
cadherin double-positive cells on the marginal cell layer (MCL) facing 
Rathke's residual lumen and in the SOX2 -positive cells scattered 
in the parenchyma as a cluster, forming a pituitary stem/progenitor 
niche [20]. Notably, we simultaneously found that CAR-positive 
pituitary stem/progenitor cells migrate to the parenchyma by EMT 
with transient expression of Vimentin and form a parenchymal niche 
comprising a SOX2-positive cluster by MET [20]. Taken together 
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Table 3. Comparison of the characteristic genes in Tpit/E, Tpit/Fl and TtT/GF cells 



Category 


Tpit/E 
Tpit/Fl 
TtT/GF 


Tpit/E 


Tpit/E 
Tpit/F 1 


Tpit/F 1 


Tpit/F 1 
TtT/GF 


TtT/GF 


Tpit/E 
TtT/GF 


N/A 


Stem/progenitor cells 


KH'4 <\rn 1 

Sox2 


Cxadv ( Ccif), 
Sox9 




Cxcl 12 
Raldhl 




Abcg2 (Bcrpl), 
Nestin, Prrxl, 
Prrx2 




Cxcv4, GFRci2 , Ncmog, 
Propl, Raldh2 


Transcription factors participating in early 
pituitary development 


Isll 




Pitxl, 
Pitx2, Sixl 


Msxl 








Hesxl, Lhx3, Lhx4, Otx2, 
Pax6, Six6 


Committed and/or terminally 
differentiated pituitary cells 












N-cadherin 




Acth, Fshfi, Gata2, Gh, 
Lhfi, NeuroDl, Phi, Prl, 
Sfl (NrSal), Tbxl9, TshfS 


Epithelial 

Epithelial/mesenchymal 




Cdhl 
(E-cadherin), 
EpCAM, Krt8 














cells including EMT Mesenchymal 










Vi 'men tin 








EMT 


Snail2 {Slug) 




Mmpl4, 
Tgfbr2 


Twistl 


Twist2 






Snail 1 


Angiogenesis/endothelial cells/pericytes 


Acta2 
(aSMA), Fnl 








Pdgfrb 


CD34, Eng. 
Cspg4 (Ng2) 




Tek,Kdr (Flkl),Cdh5, 
Pecaml, Des, Rgs5 


Others 












SlOOfi nNos 




IL6 



Characteristic and common genes of Tpit/E, Tpit/Fl and TtT/GF cells are listed. N/A: not applicable to the three cell lines. 



with the expression of Pitxl, these data suggest that the Tpit/E cell 
line will surely be a useful model cell for investigating pituitary 
stem/progenitor cells and niches, as well as pituitary organogenesis. 

Tpit/Fl cells express not only epithelial factor genes, Pitxl 
and Sox2, but also a mesenchymal marker, Vimentin. This profile 
shows epithelial and mesenchymal phenotypes as well as sternness, 
indicating a cell line in a transiting state of differentiation. We 
observed similar cells positive for SOX2 and Vimentin in the adult 
rat pituitary (data not shown). The expression of Msxl, Cxcll2 and 
Raldhl was notable. Although Msxl is a mesenchymal factor, it plays 
a role in the pituitary [39, 40]. Cxcll2, which plays an important 
role in the hematopoietic stem cell, was revealed to be specifically 
expressed in the non-endocrine SlOO-positive cells in the pituitary 
[41]. In addition, Raldhl produces retinoic acid, which is involved in 
embryonic development, and shows tissue-specific expression [42], 
and it has been found in S 100-positive cells and prolactin-producing 
endocrine cells [43, 44]. Meanwhile, Tpit/Fl was found to have the 
ability to differentiate into skeletal muscle cells [9]. Taken together, 
Tipt/F 1 cells may be responsible for several stimuli of differentiation. 

Thus, the TtT/GF, Tpit/E and Tpit/F 1 cell lines might be progenitor 
cells that are able to differentiate. Despite their cell lineages, these cell 
lines must be valuable tools for the study of pituitary organogenesis. 
Hereafter, it will be interesting to examine their potencies for dif- 
ferentiation into hormone producing cells, especially in the case of 
Tpit/E and Tpit/F 1 . Approaches to induce differentiation will surely 
provide us with valuable findings regarding molecular mechanisms 
for differentiation and supply systems of hormone-producing cells 
in the pituitary. 

Acknowledgments 

This work was partially supported by JSPS KAKENHI Grant 
Nos. 21380184 (to YK) and 24580435 (to TK) and by a research 



grant (A) to YK from the Institute of Science and Technology, 
Meiji University. This study was supported by the Meiji Universi- 
ty International Institute for BioResource Research (MUIIR) and 
partially supported by Research Funding for the Computational 
Software Support Program from Meiji University. 

References 

1. Zhu X, Gleiberman AS, Rosenfeld MG. Molecular physiology of pituitary develop- 
ment: signaling and transcriptional networks. Physiol Rev 2007: 87: 933-963. [Medline] 
[CrossRef] 

2. Brinkmeier ML, Davis SW, Carninci P, MacDonald JW, Kawai J, Ghosh D, Hayas- 
hizaki Y, Lyons RH, Camper SA. Discovery of transcriptional regulators and signaling 
pathways in the developing pituitary gland by bioinformatic and genomic approaches. 
Genomics 2009; 93: 449-460. [Medline] [CrossRef] 

3. Watkins-Chow DE, Camper SA. How many homeobox genes does it take to make a 
pituitary gland? Trends Genet 1998; 14: 284-290. [Medline] [CrossRef] 

4. Zhu X, Rosenfeld MG. Transcriptional control of precursor proliferation in the early 
phases of pituitary development. Chit Opin Genet Dev 2004; 14: 567-574. [Medline] 
[CrossRef] 

5. Davis SW, Castinetti F, Carvalho LR, Ellsworth BS, Potok MA, Lyons RH, Brink- 
meier ML, Raetzman LT, Carninci P, Mortensen AH, Hayashizaki Y, Arnhold IJ, 
Mendonca BB, Brue T, Camper SA. Molecular mechanisms of pituitary organogenesis: 
In search of novel regulatory genes. Moi Cell Endocrinol 2010; 323: 4-19. [Medline] 
[CrossRef] 

6. Vankelecom H, Gremeaux L. Stem cells in the pituitary gland: A burgeoning field. Gen 
Camp Endocrinol 2010; 166: 478^t88. [Medline] [CrossRef] 

7. Vankelecom H, Chen J. Pituitary stem cells: Where do we stand? Mol Cell Endocrinol 
2014; 385; 2-17. [Medline] 

8. Chen L, Maruyama D, Sugiyama M, Sakai T, Mogi C, Kato M, Kurorani R, Shi- 
rasawa N, Takaki A, Renner U, Kato Y, Inoue K. Cytological characterization of a 
pituitary folliculo-stellate-like cell line, Tpit/Fl, with special reference to adenosine 
triphosphate-mediated neuronal nitric oxide synthase expression and nitric oxide secre- 
tion. Endocrinology 2000; 141: 3603-3610. [Medline] 

9. Mogi C, Miyai S, Nishimura Y, Fukuro H, Yokoyama K, Takaki A, Inoue K. Differ- 
entiation of skeletal muscle from pituitary folliculo-stellate cells and endocrine progenitor 
cells. Exp Cell Res 2004; 292: 288-294. [Medline] [CrossRef] 

10. Inoue K, Matsumoto H, Koyama C, Shibata K, Nakazato Y, Ito A. Establishment of a 
folliculo-stellate-like cell line from a murine thyrotropic pituitary tumor. Endocrinology 
1992; 131: 3110-3116. [Medline] 



CHARACTERIZATION OF PITUITARY-DERIVED CELL LINES 303 



11. Mitsuishi H, Kato T, Chen M, Cai LY, Yako H, Higuchi M, Yoshida S, Kanno N, 
Ueharu H, Kato Y. Characterization of a pimitaiy-tumor-derived cell line, TtT/GF, that 
expresses Hoechst efflux ABC transporter subfamily G2 and stem cell antigen 1. Cell 
Tissue Res 2013; 354: 563-572. [Medline] [CrossRefJ 

12. Vankelecom H. Non-hormonal cell types in the pituitary candidating for stem cell. Semin 
Cell Dev Biol 2007; 18: 559-570. [Medline] [CrossRef] 

13. Devnath S, Inoue K. An insight to pituitary folliculo-stellate cells. J Neuroendocrinal 
2008; 20: 687-691. [Medline] [CrossRef] 

14. Matsumoto H, Koyama C, Sawada T, Koike K, Hirota K, Miyake A, Arimura A, 
lnoue K. Pituitary folliculo-stellate-like cell line (TtT/GF) responds to novel hypophysio- 
tropic peptide (pituitary adenylate cyclase-activating peptide), showing increased adenos- 
ine 3 ',5 '-monophosphate and interleukin-6 secretion and cell proliferation. Endocrinology 
1993; 133: 2150-2155. [Medline] 

15. Matsumoto H, Ishibashi Y, Ohtaki T, Hasegawa Y, Koyama C, lnoue K. Newly estab- 
lished murine pituitary folliculo-stellate-like cell line (TtT/GF) secretes potent pituitary 
glandular cell survival factors, one of which corresponds to metalloproteinase inhibitor. 
Biochem Biophys Res Commun 1993; 194: 909-915. [Medline] [CrossRef] 

16. Seymour PA, Freude KK, Tran MN, Mayes EE, Jensen J, Kist R, Scherer G, Sander 
M. SOX9 is required for maintenance of the pancreatic progenitor cell pool. Proc Natl 
AcadSci USA 2007; 104: 1865-1870. [Medline] [CrossRef] 

17. Fauquier T, Rizzoti K, Dattani M, Lovell-Badge R, Robinson IC. S OX2 -expressing 
progenitor cells generate all of the major cell types in the adult mouse pituitary gland. Proc 
Natl AcadSci USA 2008; 105: 2907-2912. [Medline] [CrossRef] 

18. Holmes C, Stanford WL. Concise review: stem cell antigen-1: expression, function, and 
enigma. Stem Cells 2007; 25: 1339-1347. [Medline] [CrossRef] 

19. Chen J, Hersmus N, Van Duppen V, Caesens P, Denef C, Vankelecom H. The adult 
pituitary contains a cell population displaying stem/progenitor cell and early embryonic 
characteristics. Endocrinology 2005; 146: 3985-3998. [Medline] [CrossRef] 

20. Chen M, Kato T, Higuchi M, Yoshida S, Yako H, Kanno N, Kato Y. Coxsackievirus 
and adenovirus receptor-positive cells compose the putative stem/progenitor cell niches in 
the marginal cell layer and parenchyma of the rat anterior pituitary. Cell Tissue Res 2013; 
354: 823-836. [Medline] [CrossRef] 

21. Yoshida S, Kato T, Yako H, Susa T, Cai L-Y, Osuna M, lnoue K, Kato Y. Significant 
quantitative and qualitative transition in pituitary stem/progenitor cells occurs during the 
postnatal development of the rat anterior pituitary. J Neuroendocrinol 2011; 23: 933-943. 
[Medline] [CrossRef] 

22. Yoshida S, Kato T, Susa T, Cai L-Y, Nakayama M, Kato Y. PROP1 coexists with SOX2 
and induces PIT 1 -commitment cells. Biochem Biophys Res Commun 2009; 385: 11-15. 
[Medline] [CrossRef] 

23. Yako H, Kato T, Yoshida S, lnoue K, Kato Y. Three-dimensional studies of Propl- 
expressing cells in the rat pituitary primordium of Rathke's pouch. Cell Tissue Res 201 1; 
346: 339-346. [Medline] [CrossRef] 

24. Susa T, Kato T, Yoshida S, Yako H, Higuchi M, Kato Y. Paired -related homeodomain 
proteins Prxl and Prx2 are expressed in embryonic pituitary stem/progenitor cells and may 
be involved in the early stage of pituitary differentiation. J Neuroendocrinol 2012; 24: 
1201-1212. [Medline] [CrossRef] 

25. Higuchi M, Kato T, Chen M, Yako H, Yoshida S, Kanno N, Kato Y. Temporospatial 
gene expression of Prxl and Prx2 is involved in morphogenesis of cranial placode-derived 
tissues through epithelio-mesenchymal interaction during rat embryogenesis. Cell Tissue 
Res 2013; 353: 27-40. [Medline] [CrossRef] 

26. Tremblay JJ, Lanctot C, Drouin J. The pan-pituitary activator of transcription, Ptxl 
(pituitary homeobox 1), acts in synergy with SF-1 and Pitl and is an upstream regulator of 
the Lim-homeodomain gene Lim3/Lhx3. Mo! Endocrinol 1998; 12: 428^41. [Medline] 
[CrossRef] 

27. Marcil A, Dumontier E, Chamberland M, Camper SA, Drouin J. Pitxl and Pitx2 are 



required for development of hindlimb buds. Development 2003; 130: 45-55. [Medline] 
[CrossRef] 

28. Schlosser G. Induction and specification of cranial placodes. Dev Biol 2006; 294: 
303-351. [Medline] [CrossRef] 

29. Kikuchi M, Yatabe M, Kouki T, Fujiwara K, Takigami S, Sakamoto A, Yashiro T. 

Changes in E- and N-cadherin expression in developing rat adenohypophysis. Anat Rec 
(Hoboken) 2007; 290: 486-490. [Medline] [CrossRef] 

30. Derycke LD, Bracke ME. N-cadherin in the spotlight of cell-cell adhesion, differentia- 
tion, embryogenesis, invasion and signalling, hit J Dev Biol 2004; 48: 463^476. [Medline] 
[CrossRef] 

31. Schnell L), Cirulli V, Giepmans BIN. EpCAM: structure and function in health and dis- 
ease. Biochim Biophys Acta 2013; 1828: 1989-2001. 

32. Troy TC, Turksen K. Commitment of embryonic stem cells to an epidermal cell fate and 
differentiation in vitro. Dev Dyn 2005; 232: 293-300. [Medline] [CrossRef] 

33. Gleiberman AS, Michurina T, Encinas JM, Roig JL, Krasnov P, Balordi F, Fishell 
G, Rosenfeld MG, Enikolopov G. Genetic approaches identify adult pituitaiy stem cells. 
Proc Natl Acad Sci USA 2008; 105: 6332-6337. [Medline] [CrossRef] 

34. Korsching E, Packeisen J, Liedtke C, Hungermann D, Wulfing P, van Diest PJ, 
Brandt B, Boecker W, Buerger H. The origin of vimentin expression in invasive breast 
cancer: epithelial-mesenchymal transition, myoepithelial histogenesis or histogenesis 
from progenitor cells with bilinear differentiation potential? J Pathol 2005; 206: 45 1^457. 
[Medline] [CrossRef] 

35. Joo CK, Seomun Y. Matrix metalloproteinase (MMP) and TGF beta 1-stimulated cell mi- 
gration in skin and cornea wound healing. Cell Adhes Migr 2008; 2: 252-253. [Medline] 
[CrossRef] 

36. Anastassiou D, Rumjantseva V, Cheng W, Huang J, Canoll PD, Yamashiro DJ, Kan- 
del JJ. Human cancer cells express Slug-based epithelial-mesenchymal transition gene 
expression signature obtained in vivo. BMC Cancer 201 1; 11: 529. [Medline] [CrossRef] 

37. Tan AR, Alexe G, Reiss M. Transforming growth factor-beta signaling: emerging stem 
cell target in metastatic breast cancer? Breast Cancer Res Treat 2009; 115: 453-495. 
[Medline] [CrossRef] 

38. Yoshida S, Kato T, Higuchi M, Yako H, Chen M, Kanno IN, Ueharu H, Kato Y. Rapid 
transition of NEST1N -expressing dividing cells from PROP 1 -positive to PITl-positive ad- 
vances prenatal pituitaiy development. J Neuroendocrinol 2013; 25: 779-791. [Medline] 
[CrossRefJ 

39. Ishikawa A, Kato T, Susa T, Sano A, Kato Y. Molecular cloning and characterization 
of porcine homeodomain transcription factor Msxl. J Reprod Dev 2009; 55: 278-282. 
[Medline] [CrossRef] 

40. Xie H, Cherrington BD, Meadows JD, Witham EA, Mellon PL. Msxl homeodomain 
protein represses the ctGSU and GnRH receptor genes during gonadotrope development. 
Mol Endocrinol 2013; 27: 422^136. [Medline] [CrossRef] 

41. Horiguchi K, Ilmiawati C, Fujiwara K, Tsukada T, Kikuchi M, Yashiro T. Expression 
of chemokine CXCL12 and its receptor CXCR4 in folliculostellate (FS) cells of the rat 
anterior pituitary gland: the CXCLI2/CXCR4 axis induces interconnection of FS cells. 
Endocrinology 2012; 153: 1717-1724. [Medline] [CrossRef] 

42. Niederreither K, Fraulob V, Garnier JM, Chambon P, Dolle P. Differential expression 
of retinoic acid-synthesizing (RALDH) enzymes during fetal development and organ dif- 
ferentiation in the mouse. Mech Dev 2002; 110: 165-171. [Medline] [CrossRef] 

43. Fujiwara K, Davaadash B, Kikuchi M, Takigami S, Yashiro T. Estrogen suppresses 
retinaldehyde dehydrogenase 1 expression in the anterior pituitary glands of female rats. 
Endocr J 2008; 55: 91-96. [Medline] [CrossRef] 

44. Fujiwara K, Kikuchi M, Horiguchi K, Kusumoto K, Kouki T, Kawanishi K, Yashiro 
T. Estrogen receptor alpha regulates retinaldehyde dehydrogenase 1 expression in rat 
anterior pituitary cells. Endocr J 7009; 56: 963-973. [Medline] [CrossRef] 



